The Holocene delivers a unique possibility to establish climatic stratigraphic boundaries based on detailed chronostratigraphy reflected in various facies of continental sediments, in their lithological parameters and organic remains. These sediments are dated by the 14 C method in the case of organic remains, by counting annual laminations in lacustrine facies, and by dendrochronological method in the case of fluvial sediments. The existence of well dated profiles enables to reconstruct various climatic parameters like amplitudes of seasonal temperatures, types and frequency of extreme rainfalls and floods and, finally, to distinguish rare rapid changes and most frequent gradual ones. This reconstruction is based on the analogous effects of various types of present-day rainfalls. The current authors present a critical review of existing chronostratigraphic divisions starting from simple millennial division by Mangerud based on Scandinavian palynological stratigraphy of peatbogs and Starkel's concept based on fluctuations in rainfall and runoff regime reflected in fluvial and other facies of continental deposits. In the last decades, the calibration of 14 C dates allowed a new approach to be used for the construction of the probability distribution function of these dates in various facies or types of sediments, which formed a background for distinguishing and correlating climatic phases and defining boundaries between them. These approaches have been creating new opportunities for revision of the existing chronostratigraphy. The aim of this paper is to present a revised version of chronostratigraphic division based on climatic fluctuations reflected in various facies of sediments on the territory of Poland and discuss their correlation with other European regions and global climatic changes.
INTRODUCTION
The aim of chronostratigraphy is to detect changes in the measurable time units recorded in the sequences of various sediments and various vegetation and faunal remains. The lithostratigraphy of some continental deposits is frequently discontinuous, only the lacustrine sediment sequences and peatbogs usually register continuous changes.
A range of relatively precise dating methods can be applied for records covering the Holocene epoch, which enables to define stratigraphic boundaries and recognise the rate of changes with a resolution of centuries, decades and even single years. At the same time, the recording of present-day processes facilitates the recognition of annual fluctuations and comparison of them with changes over longer periods, which may be not only of a local character, but also of a regional and even global one.
The aim of this paper is to review the existing records and published attempts to revise a Holocene chronostratigraphy for the territory of Poland and their critical evaluation, especially in the area of quantitative methods used for the sets of radiocarbon dates in various sediment facies. These problems were discussed during the last decade by the Committee for Quaternary Studies of the Polish Academy of Sciences and summarized by the present authors. Simultaneously. the state of the art is an introduction to the revision and new approach to the use of statistical methods for the reconstruction of climatic changes on the territory of Poland during the Late Glacial and Holocene (grant of National Science Centre no. N N306 034040).
Fast and slow climate changes during the Holocene
Changes in the various sediment facies and in reconstructed ecosystems may proceed faster or slower and, depending on that, they may be more or less helpful in determining stratigraphic boundaries and, in the case of synchronicity of the changes, also chronostratigraphic ones. The rapidly progressing changes in temperature and the accompanying hydrological changes guarantee the formation of sharp boundaries. Such features represent the beginning of the Holocene, recorded in the δ
18
O curve of the Lake Gościąż, where the rapid rise of mean annual temperature by about 4°C over several decades caused the creation of a new equilibrium state (RalskaJasiewiczowa et al., 1998 (RalskaJasiewiczowa et al., , 2003 . This does not imply that the response of different systems was simultaneous as they react frequently with a delay reaching centuries (Starkel, 1991) , in particular in the mountains.
A fast reaction is recorded also at individual sites during singular or several extreme events like heavy downpours, floods or long-lasting droughts, when the thresholds may be passed, but these events have mainly a local character. In spite of their sharp reflection in the sediment section, the examined system usually returns to the former equilibrium state. An example of such events of great areal extent are the volcanic eruptions (e.g. Laacher See, Krakatau), which are excellent time markers, even though their origin is not connected with chronostratigraphic boundaries.
In the Holocene continental deposits, the gradual changes in temperature are observed as reflected in plant communities, precipitation of calcareous sediments and more or less rhythmic fluctuations in humidity which have been observed since many decades in the oscillations of the mountain glaciers (Golthwait, 1966; Patzelt, 1972; Zoller, 1977; Grove, 1988) and in the fluctuations of the upper tree line (Frenzel et al., 1993) .
The detailed analysis of the temperature and precipitation trends during the last, cooler and wetter, phase of the Little Ice Age shows that it consists of several clusters of extremes. Such phases at their beginning are expressed by rapid change in sediment type, shift of vegetation or erosional breaks (hiatuses). Especially in the mountains and their forelands such changes initiate new sediment units connected with, for example, channel avulsions. Frequently, in particular sections this boundary is sharp, but on a regional scale it is mainly delayed by one century or even more and diachronous. The highest lake water level may be dated at the decline of a humid phase and date glacial advances even after the end of that phase (Starkel, 2003; 2006a) .
The beginnings of wetter phases, characterised by clusters of heavy rainfalls, since decades have been the basis for setting chronostratigraphic boundaries, for example the one between the Boreal and Atlantic periods at about 8500-8400 14 C yrs BP (Starkel, 1977; . The declines of such phases are frequently softer due to the lack of clusters or are affected by maturing of plant communities established during the humid phase.
Many papers dedicated to climatic fluctuations during the Holocene have appeared during the last decade. Various records have been used, namely glacial records of Greenland ice cores, Scandinavian and North American, 14 C residuals, ice rafting debris (IRD) phases in North Atlantic lake level changes etc. (Bond et al., 2001; Magny et al., 2003; Mayewski et al., 2004 and references cited therein). In most cases authors distinguish 6 periods of significant rapid climate change, present even on the global scale: 9000-8000, 6000-5000, 4200-3800, 3500-2500, 1200-1000 and 600-150 cal yr BP, in which polar cooling is frequently accompanied by increased humidity. Ice rafting debris phases are more frequent and they repeat every millennium at 9500, 8600, 7500 BP etc. (Bond et al., 2001) . The advance phases of glaciers in the Alps do not coincide with other records (Hormes et al., 2001) . This has been explained by a different circulation pattern in the belt between 43° and 50° northern latitude connected with westerlies activity. A totally different picture, which can be even reverse -with droughts -is obtained in the Mediterranean belt (Magny et al., 2003) .
From this brief review we conclude that the basis of continental records for the climato-chronostratigraphy of the area of Poland differs from the stratigraphy based on ice cores and oceanic deposits. The other question is the lack of a unified definition of rapid climatic change (RCC) which many of the cited authors extend to phases up to 1000 years long. In any case, the wetter phases recognised in the Polish records correlate relatively well with phases of glacial advances and retreats in the Alps (Starkel, 2002 and 2003; Margielewski, 2006) . This zonal diversification is also confirmed by the pattern of the dendrochronological master chronologies. Absolutely dated dendrochronological standards for oak from southern Poland from the last 4000 years display substantially higher convergence with the South Germany standards than with the North Poland chronology (Krąpiec, 1992 and .
History of the chronostratigraphical division of the Holocene
The Blytt-Sernander sequence (Blytt, 1882; Sernander, 1908) was the first well-developed, widelyused subdivision of the Holocene and Late Glacial. Lateand Post-Glacial pollen succession was initially determined in western and north-western Europe by Jessen (1935) , Nilsson (1935) , Godwin (1940 and 1956 ), and Firbas (1949 /1952 , 1954 . It should be noted that at the same time in Europe a three-part division into Eo-Mesoand Neo-Holocene, based on thermal changes, was implemented (Firbas, 1954; Neustadt, 1957) . In the 1970s, radiocarbon dating started to define the basic time scale. In the climatically oriented chronostratigraphy of the Holocene the boundaries were defined on the basis of the complete records of forest changes visible in pollen diagrams obtained for lake and mire deposits (Firbas, 1954; Nilsson, 1935) . The lack of the synchronicity led Mangerud et al. (1974) to construct a stiff scale for thousands of radiocarbon years with holding the traditional, widely accepted names: Bølling, Allerød, Younger Dryas, Preboreal, Boreal, Atlantic, Subboreal and Subatlantic. That terminology, which was originally developed for biostratigraphical zones, has been used throughout northern and western Europe in a chronostratigraphic sense (Mangerud et al.,1974; Hoek, 2008) . Starkel (1977 ) in his division for Poland and Central Europe, based mainly on the alluvial and slope sediments, preserved the three-part division (Eo-, Meso-and Neo-Holocene) but introduced more details concerning better marked beginnings of several humid phases and shifted some boundaries defined by Mangerud et al. (1974) , leaving their traditional Scandinavian names (Fig. 1) .
Boundaries introduced by Mangerud and Starkel are based on results of radiocarbon dating and expressed as conventional ages. Raw radiocarbon ages, reported in "years Before Present" (BP) are equal to the number of radiocarbon years before 1950. They are calculated assuming a constant level of 14 C concentration in the atmosphere. Moreover, these raw ages are based on a slightly-off historic value for the 14 C half-life -so called Libby's value equals to 5568±30 years (Arnold and Libby, 1951) . In 1962 an updated figure of 5730±40 years was accepted (Godwin, 1962) , but laboratories continue to use the Libby figure to avoid inconsistencies with earlier publications. In 1958, de Vries demonstrated that the assumption of constant 14 C concentration is erroneous. It took many years before changes in the concentration of 14 C in the past were reconstructed. The first internationally accepted calibration curve, published in 1986 Pearson and Stuiver, 1986) , covered past 8000 years, whereas the last version of the calibration curve (IntCal09, Reimer et al, 2009 ) covers 50,000 years. Starting from publishing calibration curves, the procedure for probabilistic calibration of radiocarbon dates has been developing (e.g. Stuiver and Reimer, 1986; Aitchison et al., 1989; Buck et al., 1991; Michczyńska et al., 1990; Bronk Ramsey, 1995; .
The adaptation of calendar scale forces a revision of the practical but stiff division into chronozones proposed by Mangerud or Starkel. The simplest solution, namely a calibration of Starkel's boundaries (1977) , unfortunately does not give unambiguous results. In Fig. 1 (right side of the figure) results of calibration of these boundaries are presented. It was assumed that all boundaries have got the same uncertainty of 14 C age equal to 100 years. In most cases, the obtained distributions of calendar ages are wide and multimodal. In the authors' opinion the analysis of large data sets can be helpful in a more accurate determination of the value of these boundaries (see next Chapters).
The most valuable archive for synthesis presented on a calendar time scale are annually laminated sediments like those found in Lake Gościąż (Ralska-Jasiewiczowa et al. (Eds.), 1998) . Chronostratigraphy based on highresolution sediments could be a key stratigraphy for different geographical regions. Unfortunately, there are only a few elaborated such records for Poland territory and study of annually laminated lacustrine sediments are only in their beginnings (see http://www.norpolar.ug.edu.pl/). Moreover, the lakes are typical only for Northern Poland. In this situation, the analysis of big sets of radiocarbon dates for different types of sediments could be helpful in more precise establishing of these boundaries (see Chapter 2).
Divisions of the Polish Holocene on the basis of pollen analysis
The vegetation changes are characterized by the sequence of pollen zones in the palynological diagram. The identified bio-stages have a local meaning and even if the analysed layers originate from geographical locations distant from one another they may represent the same type of climatic changes. Since 1970s, pollen diagrams are divided into local pollen assemblage zones (LPAZ) in the sense of Birks (1979 Birks ( , 1986 on the basis of visual analysis of individual pollen curves, supported by numerical analysis, e.g. CONISS, ConsLink, PCA (Nalepka and Walanus, 2003) . In that way, combined with radiocarbon dates, the synthesis of vegetation changes in Europe in the last 15 000 years was constructed (Berglund et al., 1996) . Usually, the published reconstructions were expressed in 14 C years. Some step toward reconstructions presented on absolute time scale is a publication dedicated to annually laminated sediments from Lake Gościąż (Ralska-Jasiewiczowa et al. (Eds.), 1998) and Lake Perespilno (Goslar et al., 1999) . Another work that should be mentioned is the synthesis for Poland, based on isopollen maps , where the authors, in addition to the results presented on the 14 C scale, added a chapter entitled "Calendar ages of the time horizons presented on the isopollen maps" (Walanus and Nalepka, 2004) .
Divisions of the Polish Holocene on the basis of malacological analysis
In the research of the environmental changes the malacological analysis is also used, especially in regions built of calcareous rocks. It is based on the division of molluscs into ecological groups proposed by Ložek (1964) and subsequently modified by S.W. Alexandrowicz (1987) . The fractions of the species assigned to individual ecological groups constitute reference material for palaeoenvironmental reconstructions. The succession of molluscs provides a possibility of reconstruction of changes of climate and habitat conditions, particularly within carbonate sediments, devoid of plant pollen. The presence of certain taxa also enables indirect dating of sediments. In contrast to some other methods, the malacological analysis gives a possibility of detailed reconstruction of local conditions (Alexandrowicz, 2001) . The material coming from many sites serves as a basis for regional reconstructions (Alexandrowicz, 1997b and 2004) , as Mangerud et al. (1974) and Starkel (1977; well as for malacostratigraphical schemes (Alexandrowicz, 2009 ). Starkel (1966) in his review paper on the European Holocene stressed the role of alluvial deposits and forms for the climatostratigraphy, especially through discovery of several cuts and fills with abandoned river channels in the Vistula River catchment (Starkel, 1960 (Starkel, , 1983 Starkel (Ed.), 1990; Kalicki, 1991) , also known from the Rhine catchment (Schirmer, 1983; Brunnacker, 1978) and other catchments . The dating of fills as well as palaeochannels helped to distinguish several phases connected with more humid and usually cooler phases and to correlate them with advances of Alpine glaciers (Patzelt, 1972) , lowering of upper timber line (Frenzel et al., 1993) , expansion of permafrost (Kotarba and Baumgart-Kotarba, 1997) , fluctuation of lake level (Magny, 1993) and intensification of mass movements (Starkel, 1997; Alexandrowicz, 1997a; Margielewski, 2006) .
Litho-and morphostratigraphic divisions
It was possible to identify sediment layers related to single events such as downpours and floods. In the last millennia, the human activity, mainly deforestation, superimposed on climatic changes, caused accelerated soil erosion and aggradation (Starkel, 1987 and . As a result, especially since the Roman times, we cannot interpret all changes as a signal of palaeoclimatic variations.
Frequency distribution of radiocarbon dates as a tool for reconstructing environmental changes for the territory of Poland
Since the 1970s, analyses of the time scale distribution of radiocarbon dates have been carried out for selected regions of Europe (e.g. Geyh and Streif, 1970; Geyh, 1980 , Asia (e.g. Kuzmin and Keates, 2005) , Africa (e.g. Geyh and Jäkel, 1974) , America (e.g. Rick, 1987; Peros et al., 2010; Michczyńska and Hajdas, 2010) and Australia (e.g. Williams, 2012) .
Since the 1980s, similar interpretations of the time scale distribution of dates have been published for the territory of Poland. These interpretations concerned different sediment facies containing organic remains or carbonates: peat, lake sediments, fluvial sediments, tufas, speleothems and landslides (Pazdur and Pazdur, 1986; Goździk and Pazdur, 1987; Pazdur et al., 1995; Michczyńska and Pazdur, 2004; Starkel et al., 2006; Margielewski, 2006; Michczyńska et al., 2007) . At the beginning, the analysis of the frequency distributions of radiocarbon dates was limited to the radiocarbon scale. Pazdur and Pazdur (1986) presented a frequency distribution of 14 C dates for the time interval 10,000-15,000 14 C yrs BP for all radiocarbon measurements made before 1985 in the Gliwice Radiocarbon Laboratory (120 14 C dates). The authors found maxima corresponding to the Bølling and Allerød, and minima connected with the Older and Younger Dryas. The onset of the Holocene was marked by a sharp increase in the frequency of radiocarbon dates. Goździk and Pazdur (1987) presented a frequency distribution of 193 14 C dates for the time interval 12,000-45,000 14 C yrs BP. The authors concluded that the reconstructions are in agreement with existing palaeoclimatic information. Both mentioned studies confirm the usefulness of frequency distribution of 14 C dates for environmental reconstructions during cold periods when the temperature was the main factor controlling the growth of plants.
The paper by Pazdur et al. (1995) presents frequency distributions of ca. 150 14 C dates of speleothems from the Kraków-Wieluń Upland (southern Poland) for the time interval 0-50 14 C ka BP. The growth of speleothems require moist and warm conditions, but in most cases, the temperature seems to be the major control factor. The main period of speleothems deposition fell within the Meso-Holocene, so called climatic optimum. Michczyńska and Pazdur (2004) presented basic assumptions of the shape analysis of the frequency distribution of 14 C dates set in the study of environmental changes, evaluated a minimum number of dates required to receive reliable results, and discussed the influence of the smoothing of the calibration curve. The authors presented frequency distribution for 785 14 C dates of peat samples. The weakness of this collection is that peat is deposited in various environments and may reflect either wet phases with intensive peat growth, or just the opposite, the drier phases connected with lowering of lake levels and their overgrowth. Moreover, the influence of other factors was also not considered, e.g. various time of dead ice melting; the natural trend to gradual overgrowth of lake depressions progressing from their margin or human impact on fluctuations of groundwater table caused by deforestation and drainage. Therefore, the palaeoclimatic interpretation of shape of frequency curve is not straightforward.
Frequency distribution of dates on the calendar time scale (probability density function -PDF) is obtained by summing up probability distributions of individual dates after calibration and using appropriate normalization. Good agreement of the shape of PDF and other environmental data was obtained by Michczyńska and Pazdur (2004) . The correlation with δ 18 O and methane concentration curves recorded in the Greenland ice core GRIP and changes of δ
18
O in the Lake Gościąż sediments for the Late Glacial/Holocene transition testified the validity of the method for climate reconstruction for Late Glacial period. The authors noticed also the presence of high narrow peaks in the PDF, and because of coincidence of these peaks with the localization of limits between the earlier established Holocene chronozones (Starkel, 1977) , suggested that such peaks might be a result of the sampling methodology. The general rule of taking samples from places of visible sedimentation changes, e.g. from the top and bottom of the peat layer, or from places where changes in pollen diagram are ob-served, may be the reason that samples from limits between the chronozones are collected more frequently. This fact could be helpful in establishing the Holocene chronostratigraphy on the calendar scale.
In the frame of the GLOCOPH Project (Past hydrological events related to understanding Global Change" funded by the International Council for Science and led by Professor K.J. Gregory Macklin et al., 2006) a database of 335 radiocarbon dates from Holocene fluvial sediments in Poland has been compiled . The main aim was to find horizons reflecting changes in the fluvial regime, mainly in the frequency of floods. Several clearly identified groups of dates were selected. The PDF received for dates from the bottom of palaeochannels (149 dates) clearly reflected the age of avulsion of river channels and then major wetter phases of the Holocene. Other picture was presented by the start of overbank aggradations (86 dates) connected mainly with floods during periods of expansion of agriculture. The authors identified up to 17 flooding phases, but only 10 of them include a distinct sharp peak concentrated in one century indicating distinct changes in fluvial regime, e.g. beginnings or ends of phases with frequent floods.
Phases of deep landslide formation in the Polish flysch Carpathians have been established in conventional (BP) age on the basis of radiocarbon dating of landslides (Gil et al., 1974; Starkel, 1997; Alexandrowicz, 1996 and 1997a; Margielewski 1998 ). Margielewski (2006) used sets of radiocarbon dates of 66 landslide forms for the construction of the Probability Density Function, to establish more than 10 phases of the landsliding, connected with phases of climate humidity growth, during which an increase in frequency and intensity of extreme hydrometeorological events was recorded. During these wet climatic phases, numerous landslide forms, or their rejuvenation processes were formed due to heavy rainfalls (or continuous rains) and intensified fluvial erosion.
The above-mentioned studies permit to conclude that analysing PDFs of different types of sediments can be helpful in the qualitative reconstruction of the past environment. The PDF for peat samples primarily reflects palaeohydrological conditions but of unidentified origin and direction; the PDFs for speleothem and tufa samples reflect both changes in temperature and humidity, while analysis of the PDF for fluvial data and landslide formation shows phases of increased frequency of extreme hydrological events.
MATERIALS
The aim of this paper is to evaluate the existing approaches and on the basis of them try to revise the previous stratigraphy and construct a new version of chronostratigraphic division based on climatic fluctuations reflected in various facies of sediments on the territory of Poland and try to correlate them with other European regions and climatic changes in higher latitudes.
This paper presents datasets collected in the earlier studies: comprehensive sets of 14 C dates for fluvial data , peat samples (Michczyńska and Pazdur, 2004) , speleothems, tufas (Pazdur et al., 2002a and 2002b; Michczyńska et al., 2007) , landslides (Margielewski, 2006) and also dates of deposition of subfossil oak trunks (Krąpiec, 1992; , debris flows in high mountains (Kotarba and Baumgart-Kotarba, 1997) information about changes of lake water level (RalskaJasiewiczowa, 1989 ) and vegetation changes (RalskaJasiewiczowa and Ralska-Jasiewiczowa and Latałowa, 1996; Ralska-Jasiewiczowa et al. (Eds), 1998) . These records are gathered and synthesized in order to evaluate calendar ages of the chronozones. The majority of analysed 14 C dates come from Gliwice Radiocarbon Laboratory, only 148 dates come from other radiocarbon laboratories. In our analysis, the most numerous are sets of fluvial and peat dates and they are the most representative. Other datasets play a support role. Usually, from one site, one or two 14 C dates were chosen for analysis. This way we avoid overrepresentation of local signal. Sets of data were also verified to avoid repeated dates in different sets (disjoint sets of 14 C dates) or to exclude dates of possibly redeposited samples. Short synthesis of the used data is presented below.
Fluvial data
The database of past hydrological events for the territory of Poland comprises ca. 700 14 C dates, but only 335 which fall into the listed below sample categories reflecting either flood periods or distinct change of hydrological regime were selected for analysis : 1) organic remains preserved in channel deposits in the form of lenses and smaller organic fragments, which are synchronous with mineral deposits and probably were not redeposited; tree trunks are generally excluded from this group, 2) organic remains at the base of abandoned palaeochannels that postdate the avulsion or cut-off of the river channel, 3) organic matter (peat, organic mud) from the top of overbank facies, buried by channel deposit; here event is younger than date, assuming that organic layer was not truncated, 4) peat or fossil soil buried by a younger overbank flood event, 5) channel facies buried by overbank deposit with organic remains, where event is older than the date, 6) mineral intercalation in peat sequence dating a short flood event on a peaty floodplain, 7) base of peat overlying overbank facies, dating floods older than date, 8) organic intercalation in overbank deposits, which date should be synchronous with the phase of deposition.
Samples were also grouped into regions differing in physiography and type of floods.
Alluvia and fluvial forms reflect changes connected with varying frequency of floods, changes from suspended load to bed load and erosion, changes in channel size and avulsions. Several wetter phases are represented by members composed of many layers deposited during singular floods (Niedziałkowska et al., 1977; Starkel, 1995) .
Peatbogs
The set of 785 14 C dates was chosen to test the possibility of environmental reconstruction on the basis of the shape of PDF. Michczyńska and Pazdur (2004) assumed that the number of samples dated by the 14 C method is proportional to the amount of organic matter deposited in sediments in the studied time intervals. In other words, they assumed random character of dates -the dates originated from a large territory of the whole Poland, with the exception of the Baltic Coastland, and different investigators who collected them were interested in various disciplines. The authors concluded that peaks and gaps of the constructed PDF allow determining periods with favourable and unfavourable conditions for peat sedimentation. The main trends of PDF is in good correlation with the shape of the methane concentration curve in the GRIP ice core (Michczyńska et al., 2007) if we disregard the high narrow peaks. Because methane is formed mainly by the decomposition of organic matter in boggy continental areas, and methane concentration changes are an indicator of climate humidity, then the observed correlation indicates that information about changes in humidity should be also stored in frequency distribution of peat samples.
The presence of high narrow peaks is connected with the sampling methodology. A random character of a large part of the chosen set can be assumed, but the general tendency to collect samples from the places of visible sedimentation changes results in the presence of these PDF peaks near the boundaries of the earlier established Holocene subdivisions.
For the purpose of this study, to receive disjoint data sets, the set of 14 C dates for peat samples was modified by excluding dates common for this set and for the set with fluvial data. Finally, 709 14 C dates for peat samples were selected.
Landslide forms and deposits
The intensification of mass movements is considered to be connected with the climate moistening resulting in a growth of heavy rainfalls and/or long-lasting rainy seasons (Starkel, 1997; Alexandrowicz, 1996 and 1997a) . Until now 69 radiocarbon dates for various sample materials were collected for landslide sites in the Polish Flysch Carpathians (e.g. Gil et al., 1974; Alexandrowicz, 1996; Margielewski, 1998 and Wójcik et al., 2006) , which makes this dataset significant. Simultaneously on the basis of the lichenometric dating of several tens of landslides in the Western Carpathians more than ten episodes of landslide formation and rejuvenation during the last 500 years were determined (BajgierKowalska, 2008) .
The second dataset comprises the radiocarbon dates of illuvial and minerogenic horizons deposited during heavy downpours within the sequences of peat-bogs filling the landslide depressions (Margielewski (Ed.) 2003; Margielewski, 2006; Margielewski et al., 2010) . Analysis of the thickness and lithology of these horizons enables to distinguish individual events from groups and series of events related to climate phases (Margielewski, 2006; Starkel, 2006b) . Currently, the database comprises 98 dates (selected from more than 140 dates) which usually determine the beginning of illuvial or minerogenic horizons' deposition in peat-bogs. The selection consisted in the exclusion of doubled age determinations in each diagnostic mineral horizon from the set and in the selection of one representative date for each horizon in every landslide peat bog.
Debris flows in the Tatra Mountains
Dated horizons of coarse grained sediments of the lacustrine depositional sequences in the Tatra Mountains are generated during short but intensive rainfalls and subsequent avalanches, by rockfalls, and -most of alldebris flows (Baumgart- Kotarba, 1996) . Within sediments of several lakes more than 20 samples of high-energetic inserts were dated using the radiocarbon method in order to determine the debris flows' activation during the Late Glacial and Holocene (Baumgart- Kotarba and Baumgart-Kotarba, 1997) . For the last ca. 500 years the debris flows and rock falls were dated by the lichenometric method (Kotarba, 1995 and and the high-energetic lacustrine horizons deposited in the last 150 years -by the 210 Pb method (Baumgart- . Because only small numbers of samples (ca. 20) were dated by 14 C method these data play only support role and not presented in graphical form.
Speleothems
Speleothems deposition is connected with conditions of high temperature and relatively high precipitation (Pazdur et al., 1995; Pazdur et al., 1999a and 1999b; Pazdur 2000) . Speleothems used in this study come from caves of the Cracow-Wieluń Upland and were dated in the Gliwice Radiocarbon Laboratory (Gradziński et al., 2003; Pazdur et al., 1999a) . From 41 caves the 89 speleothem dates were selected, which usually date the end of precipitation phase.
The estimated reservoir effect correction of 1650 years was applied for all dated speleothems (Goslar et al., 2000; Pazdur et al. 1999b) , which is obviously a simpli-fied assumption, however, the only possible one at the moment.
Calcareous tufas
Radiocarbon dates of tufas are from 100 samples which represent 3 calcareous regions: Cracow-Wieluń Upland (27 samples), Holy-Cross Mts. (11 samples) and Lublin Upland (63 samples). Tufas were deposited in the stream channels, and also within cupola spring mires characteristic for part of the Lublin Upland (Dobrowolski et al., 1999; Pazdur 1988; Pazdur et al., 2002a and 2002b) . CaCO 3 precipitated in conditions of relatively higher temperature. Because of this fact, tufas are a good indicator of warm climate, although a productivity of springs also influences sediment formation Pazdur et al., 2002a and 2002b) . Apparent age correction dependent on the site and type of calcareous tufas was introduced to all dates on the basis of measurements of the age of organic matter associated with them.
Subfossil oaks in river sediments
Subfossil trunks are a good indicator of the frequency of floods. The tree trunks have been accumulated in the river sediments, as a result of the lateral erosion causing migration of the river channels. During floods the trees growing on floodplains fell into the river, were subsequently transported and deposited among the channel sediments. As the trunks slowed the river current, they were relatively quickly covered with sediments (Kalicki and Krąpiec, 1995) . In the Holocene alluvia the accumulation of tree trunks, mainly of oaks, has been encountered at various depths. Felling the trees due to migration of the river channels did not occur evenly (Becker, 1982; Delorme and Leuschner, 1983; Krąpiec, 1992) . Beside the periods characterised by considerable amounts of trunks, others occurred, in which trunks appeared only occasionally. The first ones are considered as periods of more intense activity of the rivers connected with phases of increased humidity and cooler weather, in which river channels migrated and the sedimentation rate varied (Starkel, 1983; Starkel et al., 1996a) . Apart from climatic conditions, the human activity had certain impact on the accumulation and erosion rate, as the deforestation of river valleys and slopes triggered the supply of clastic material.
During over 20 years of the investigations of the subfossil oaks about 1100 samples were taken for dendrochronological analyses. On the basis of 400 samples the absolute chronologies representing the last four millennia were established (Krąpiec, 1998; . Absolutely dated annual growth sequences of the trunks permitted to outline the time of sowing and felling the individual oaks with an accuracy of a few years. The juxtaposition of the beginnings of growth and felling of the oaks in the 25-year periods gave the basis for the identification of phases of the intensification of the river activity.
Fluctuation of lake water level
There exist various methods indicating the variations of lake water level, which are controlled by changes in humidity and precipitation.
The most frequent are analyses of sediment sequences in the littoral zone by observing the intercalations of peat, gyttja and lacustrine chalk (Ralska-Jasiewiczowa and Ralska-Jasiewiczowa and Latałowa, 1996, Ralska-Jasiewiczowa et al. (Eds), 1998) , often supplemented by the existence of lacustrine terraces indicating phases of the highest water levels (Starkel et al., 1996 , Niewiarowski et al., 1995 . The other important proxy of water level is the relative abundance of organic species, among them the Cladocera analysis (e.g. Szeroczyńska, 1998, Zawisza and Szeroczyńska 2007; Szeroczyńska and Zawisza, 2011) .
But in Northern Poland occupied by the last Scandinavian ice sheet with hundreds of lakes we should take into consideration other factors influencing the fluctuations of lake levels (Starkel, 2003) . First of all, the melting of dead ice blocks, which has been continuing until early Holocene (Niewiarowski, 1987 ) caused a rise of lake level. Moreover, the decrease of the lake level could have been caused by overgrowing by peat bogs and draining combined with formation of new river systems after deglaciation Okuniewska-Nowaczyk, 1999, Nowaczyk et al., 2002) . Finally, filling of lake basins by various kinds of sediments (Starkel et al., 1996b) resulted in a gradual rise of lake level during the Holocene.
METHODS
The location of chronostratigraphic boundaries was evaluated on the basis of the shape of PDF's for different type of sediments supported by compilation of information about lithostratigraphy, lake level changes and trends in temperature resulting from palynological diagrams for key sites (Ralska-Jasiewiczowa and Ralska-Jasiewiczowa and Latałowa, 1996) . We decided to place the boundaries usually at the half of the growing slope of PDF curves, but we also took into account that some phenomena are delayed in time in relation to climate impact (e.g. abandonment of palaeochannels, see Starkel, 1983) . In the establishing of the onset of Younger Drays and the Holocene, the appropriate boundaries for annually laminated sediments from Lake Gościąż were also taken into account Różański et al., 2010) .
The selection of 14 C dates for subsequent data sets was based on different principles depending on the archive type, and therefore the climatostratigraphic and chronostratigraphic interpretations are subjective to different limitations. Only one from the analysed sets of data was not constructed by choosing samples (and 14 C dates) characteristic for the investigated phenomenon -the peat samples set. The rest of investigated data were connected with the age evaluation of the beginning and end of climatic phases or represent short episodes (e.g. floods).
The constructed PDF curves reflect mainly periods of changes in the environment and could be helpful in definition of boundaries of chronozones on the basis of the shape of PDF curves. Dated events which were characteristic for local environments form a background (information noise) whereas events which were characteristic for given regions, or for whole Poland are marked by clear peaks on the PDF curves. It seems obvious that the faster change in the environment the narrower peak could be expected. It is worth to stress that also the shape of the calibration curve influences the shape of PDFs and in some periods of time it works like an amplifier (Michczyński and Michczyńska, 2006) .
The peat samples set is a set of random data, but observed earlier facts testify its usefulness for chronostratigraphic investigations (Michczyńska and Pazdur, 2004; Michczyńska et al, 2007) . In the case of this set, the main shape of the PDF curve reflects conditions favourable and unfavourable for peat sedimentation. On the main trend of the curve, connected with environmental conditions are placed high narrow peaks resulting from preferential sampling. Their positions could be used for evaluation of chronostratigraphic boundaries.
RESULTS
The authors decided to collect previously published frequency distribution curves for different types of sediments, discuss them once more and present in the form of one overall graph together with compiled information about temperature, precipitation and stratigraphy (Fig. 2) . All presented PDFs were obtained using the OxCal programme (Bronk Ramsey 1995; and the calibration curve IntCal09 (Reimer et al., 2009) .
Fluvial data (Fig. 2a-c) The probability density curves of 14 C dates coinciding with the change in sedimentation type can be attributed to main flood episodes. From the dates representing directly alluvial members of channel facies (Fig. 2a) two groups were selected. Those groups represented the starts of filling of abandoned palaeochannels (Fig. 2b) and organic layers or soils covered by overbank sediments which initiated a new phase of deposition (Fig. 2c) . Many of these dates from the top or base of organic layer either predate or postdate the start of a new climatic phase . Abundance of palaeochannels (Fig.  2b) were dated by samples from the bottom of fossil palaeochannel after its avulsion, and age of avulsion or cut-off may be some decades older than the start of organic deposition. Dates for peat or soil covered by overbank facies (Fig. 2c) -the deposition of thick layer of silt or sand indicate periods of floods (or single flood) and their thickness is usually related to phase of human agricultural activity.
The probability density functions help to distinguish the following climatostratigraphic borders, especially well visible in the foreland of the mountains. The first rise is observed at the beginning of Allerød at ca. 14,000 cal BP. After lower values during the Younger Dryas the rise coincides with the start of the Holocene (11,500 cal BP), which is especially visible in the great number of great Late Glacial abandoned channels (Starkel, 1991) . This phase continues until ca. 10,500 cal BP. Next distinct rise of fluvial activity coincides with early Atlantic phase, between 9600 and 8400 cal BP, which is marked by two peaks at the beginning and at the end of the phase (Starkel et al., 1996; . This humid phase is independently documented by about 100 flood events recorded in one alluvial fan at Podgrodzie (Niedziałkowska et al., 1977; Starkel et al., 1996; Czyżowska, 1997) . A minor rise is recorded about 7700 cal BP and afterwards a higher one with two peaks after 6400 and before 5600 cal BP. The last one coincides with the abandonment of many palaeochannels at the gradual transition from Atlantic to Subboreal. Next humid phases of flood activity start about 4800, 3700 and 2800 cal BP. Higher activity is recorded in 1900-1800 cal BP (mainly in overbank facies) and in 1600-1500 cal BP with a great number of channel avulsions. Last distinct phase reflected in 14 C records connected both with cooling and with increased human activity started from 1000 cal BP. Fig. 2d) The general feature of the PDF for this set of radiocarbon dates is in accordance with the result for fluvial data. The Bølling-Allerød warming is marked by a rise of the PDF curve highest at the end, reflecting peat formation in dead-ice depressions before the formation of lakes. The transition Allerød/Younger Dryas (12650 cal BP) is marked by a rapid falling slope, and Younger Dryas/Preboreal (11500 cal BP) as a slowly growing slope of the PDF curve. The last boundary is blurred. Boundaries Preboreal/Boreal (10200 cal BP) and Boreal/Atlantic (9500 cal yr BP) are marked by high narrow peaks. The next boundaries, showing changes in the composition of vegetation inside the Atlantic Phase: AT2/AT3 (7700 cal BP), AT3/AT4 (6400 cal BP), as well as boundaries Atlantic/Subboreal (5600 cal BP, and 4850 cal BP) and Subboreal/Subatlantic (2850 cal BP) are also distinct. Results for this set, together with results for fluvial data are the main base for chronostratigraphical divisions. (Figs. 2e, f) The first peaks of the PDF curve of the ages of the landslides and minerogenic horizons, with a maximum at ca. 13,250 cal BP are connected with the climate warm- Debris flows in the Tatra Mts. (Fig. 2f, rectangles) The particularly strong intensification of the debris flows (reflected as high-energetic sediments' horizons in several lakes) indirectly dated at ca. 8300±120 BP (9550-9000 cal yrs BP) (Kotarba and Baumgart-Kotarba, 1997) was connected with the strong climate moistening due to heavy downpours. Rare minerogenic inserts within the sequences of lacustrine sediments were dated also at ca. 8600-6600 cal BP. The next phase of debris flows' intensification is marked at ca. 5900-5600 cal BP, as well as at ca. 4900-3400 cal BP and 2700-1800 cal BP. The best recorded period of intensification of slope processes in the Tatra Mts. is the Little Ice Age (AD 1400-1860) (Kotarba, 2006) . The following activation periods were dated by lichenometric and 210 Pb methods and also by historical sources: rockfalls during periods of AD 1676-1700, 1751-1775, and debris flow during periods of 1810 -1835 , 1843 -1852 , 1860 -1880 , 1900 -1905 (Kotarba, 1995 . Fig. 2g) Frequency distribution of 14 C dates (PDF curve) indicates the presence of a few phases of intense deposition of speleothems in caves. First sedimentation of speleothems appears in the Allerød (13500-12600 cal BP), after a glacial period almost without any presence of speleothems. There is a visible break in sedimentation during Younger Dryas, and the next period 11300 -8500 cal BP is represented only by a few dates. A distinct rise of the number of speleothems, which appears in the period 8400-7300 cal BP, indicates a climate warming. There are also visible culminations in the periods of 5700-4800, 4000-3200, 2800-2200, 1500-1200 and 800-500 cal BP. Undoubtedly these periods were characterised by an increase of water soaking and climate warming. Relatively higher values of PDF curve for the last three thousand years could result from the obvious fact that there is a higher probability of preservation of younger speleothems.
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Calcareous tufas (Fig. 2h) The PDF curve for tufa samples well reflects the changes in temperature during the Holocene, with culmination for the Mesoholocene, although variable hydrodynamic conditions in Cracow-Wieluń Upland and Lublin Upland have also influenced its shape (Dobrowolski et al., 1999) .
The initial accumulation phase is visible at the end of the Allerød and reaches culmination for the border between Younger Dryas and Holocene. The next, probably both warm and humid, episodes appear ca. 10400-10200 and 9700-9500 cal BP. It is possible that these two peaks indicate the beginning and the end of relatively warm and humid phase. There are rare 14 C dates for the humid, but rather cooler period of 9500-8500 cal BP. The next part of the Mesoholocene is characterised by several distinct culminations. The maximum of PDF curve encompasses the period 6600-6200 cal BP, which is the main warm period. Subsequently, the PDF curve decreases and reaches minimum for the period of 4800-3900 cal BP, which was wet at the beginning and cold. More intense tufa sedimentation appears three times more: 3700-3000, 2200-1700 (warmer phase), and 700-500 cal BP. (Figs. 2i and 3) A diagram based on 400 absolutely dated dendrochronological sequences from the last 3800 years permitted the identification of periods with prevailing seeding and felling of trees on the flood plains, interpreted respectively as drier periods or more humid ones characterised by frequent floods (Krąpiec, 1992; . The oldest distinct phase of felling trees which grew in the period 3750-3500 calendar years BP took place in the years 3575-3425 calendar years BP. Between 3425 and 1600 calendar years BP successive phases of seeding and felling of the oak trees growing on the flood plains were noted. It is possible to distinguish, particularly in the preRoman period, the time intervals with more seeding (drier periods): 2975-2925, 2825-2750 and 2425-2350 calendar years BP; as well as more humid periods, with more floods: 3250-3225, 2850-2800 and 2700-2650 calendar years BP. From ca 2350 to 1625 (1600) calendar years BP there is lack of distinct maxima on the diagram, ex-cept the last 200 years, when felling was predominating above seeding. After 1600 (1625) calendar years BP a surge in seeding of oaks in the river valleys was noted, which could be interpreted as a drying of the climate, enabling the trees to enter the flood plains. About 1500 calendar years BP next humid period started, which lasted for about 150 years. The trunks from that period are most often represented among the collection from the last 3800 years, proving the intensity and repetitiveness of the floods. In the sixth century significantly quieter period commenced, with culminations of seeding and growth of young trees (germination phases) noted in the periods 1225-1025, 825-775 and 650-575 calendar years BP, and the increase of felling in the more humid periods: 1000-825, 750-675 and 500-450 calendar years BP. Because dendrochronological data have a higher resolution than the frequency distribution of 14 C dates presented in Fig.  2 , they are presented also in separate figure -Fig. 3 . Indicated humid and dry periods are marked by rectangles at the bottom part of this figure. PDF for fluvial data was added in the upper part of Fig. 3 for comparison. A good correlation of dendro-data with location of chronozones boundaries is well visible. Each boundary falls at the beginning of a wetter phase.
Subfossil oaks from alluvial deposits
Besides the chronologies absolutely dated using dendrochronology, floating chronologies were also compiled. The latter were dated using the wiggle-matching method (Krąpiec, 2001) . They indicate the episodes of frequent floods (felling oaks) in the periods: 4000-3850, 5180-5100 and 8400-8250 calendar years BP, which correlate well with the dated positions of the flood sediments (Starkel, 2002 and 2003) . The mentioned episodes of frequent floods are marked in Fig. 2i by grey rectangles. Lake water level changes (Fig. 2j) The closed and not transfluent lake basins deliver valuable records of lake water level fluctuations during the Holocene. In her review paper Ralska-Jasiewiczowa (1989) mentioned several lake level, but in the summarising paper, only three lake transgressions were mentioned (Ralska-Jasiewiczowa and Latałowa, 1996) . On the basis of facial change in sediment cores some authors have distinguished several other phases (Wojciechowski, 1999) . The reconstructions for Lake Gościąż accompanied by the varve chronology seem to be the most reliable. In the annually laminated sediments of Lake Gościąż only two distinct lake transgressions are clearly recorded -about 9500-8500 and 2500-2000 cal BP Ralska-Jasiewiczowa et al., 1998) . The second one is also well documented in the Biskupin archaeological site, flooded during the Late-Bronze age (Niewiarowski et al., 1995) . Less clear is the phase about 5000-4100 BP . At the bottom of the Fig. 2 compiled information about temperature, precipitation and stratigraphy is presented. The compilation is based on the stratigraphy for numerous investigated sites, palynological diagrams and palaeohydrological reconstructions (Berglund et al., 1996; Ralska-Jasiewiczowa, 1989; Ralska-Jasiewiczowa and Latałowa, 1996; Ralska-Jasiewiczowa et al., 2004; Starkel (Ed.), 1990 and Nalepka, 2005 and references cited therein). The presented records and PDF curves from various facies and sediments, even if not consisting of a sufficient number of data in every group from statistical point of view (some gaps of PDF curves could be connected with a too small number of data in particular sets), show a relatively high temporal agreement in the reflection of changes in temperature and humidity during the Holocene on the Polish territory. The results are summarised in Table 1 which provides a complete list of all defined phases and their characteristic features.
DISCUSSION AND CONCLUSIONS
The authors do not discuss the uncertainties for particular boundaries. It seems acceptable to assume of the magnitude of uncertainty between 50 and 100 years at a present state of the study. These numbers are in accordance with the width of the time intervals of the growing slope of the peaks used to defining the boundaries.
Conclusions on climatostratigraphy based on the PDF of radiocarbon dates from the Polish territory
The curves presented in Fig. 2 confirm the previous concept of the fluctuation of temperature and hydrological regime based on selected localities, like Lake Gościąż and a sequence of alluvial cuts and fills in the upper Vistula basin. Several wetter and cooler phases recorded in different sediment facies and in vegetation changes are characterised by frequent extreme precipitation of various types: heavy downpours, continuous rains and long-term rainy seasons (Starkel, 2003 and 2006b) . Each of these types is represented by a different group of records: heavy downpours expressed in intercalation of sandy or silty layers present in alluvial fans and in debris flows above timberline; continuous rains reflected in floods, channel avulsions in wide valley floors and landsliding; the long rainy seasons in rising of lake levels and formation of deep rocky landslides in the Carpathians. The temperature rise, especially during the Mesoholocene, is reflected in the growth of speleothems and formation of calcareous tufa as well as in the expansion of termophilous plants (see Table 1 ).
The most significant difference between alternating wetter phases and the relatively drier ones is based on the frequency of extreme events and their intensity which is much higher for the wetter phases. The best example of this system is the Little Ice Age for which there are detailed records of climatic parameters and for which reflection in plant communities and different facies of sediment is observed (Grove, 1988; Kotarba, 1995; . Another important feature of these events is their grouping in clusters, several years or even several decades long (Starkel, 2002; 2006a) . Similar clusters are recorded at Podgrodzie alluvial fan locality from early Holocene at 9500-8500 cal BP where among 100 events about 11 clusters were recorded (Starkel, 1999; Czyżowska, 1997) .
Types of climato-chronostratigraphic boundaries for the Holocene on the Polish territory
The enclosed Fig. 2 presents the suggested, revised model of the Holocene climato-chronostratigraphy for the Polish territory, based on the different indicators during successive, chronostratigraphic phases and boundaries separating them (see also Table 1 ).
The boundaries between various phases of the Holocene are controlled either by changes in temperature or in humidity and hydrological regime (Fig. 2, bottom part) . The leading factor in Quaternary stratigraphy is the changes in temperature which build also the skeleton of the Holocene chronostratigraphy (Eo-Meso-and NeoHolocene -cf. Firbas, 1954 and Neustadt, 1957) .
The second order subdivision is connected with variations in humidity and frequency of extreme rainfalls. The wetter phases have usually very distinct start and then gradually the indicators of humidity become more equivocal.
Among the most discussed problems is the position of two boundaries: Eo-Mesoholocene and MesoNeoholocene considering both temperature and humidity factors. The first chrono-climatostratigraphic boundary we put at 9600 cal BP, although in fact it has a two-fold character. At about 9600 cal BP together with a rapid melting of Laurentide ice sheet a freeway was created for westerlies and humid air masses expanded over Europe and Siberia (Starkel, 1999) , bringing heavy rains and floods. Simultaneously this change was accompanied by expansion of Atlantic forest species. However, the real start of a warm period reflected in calcareous precipitation and reign of Quercetum mixtum followed one millennium later .
The border between Meso-and Neoholocene has also a complex character. In the present study it is placed at about 4850 cal BP. But even earlier, at about 5600 cal BP a first distinct cooling and wetter phase can be observed, reflected in avulsions of river channels, formation of new landslides -being synchronous with first post-optimum phase of glacial advances in the Alps. However several centuries later a general rebuilding of ecosystems initiated by rise of humidity and cooling has started, and was (Gil et al., 1974 , Starkel, 1995 . Comparison with the INTIMATE Event Stratigraphy and previous chronostratigraphic divisions. In 1995 the INTIMATE project was initiated as a core project of the INQUA Palaeoclimate Commission which has a primary goal to establish timing of palaeoenvironmental events in the North Atlantic region during the Last Termination. A protocol for time-stratigraphic correlation over time interval 30-8 ka BP has recently been published , Blockley et al., 2012 . The INTIMATE Event Stratigraphy scheme was proposed as a standard against which regional stratigraphies should be compared to look for synchronicity (or asynchronicity) of comparable events. It is based on the new NGRIP isotopic record and associated Greenland Ice Core Chronology 2005 (GICC05) (Rasmussen et al., 2006) .
There is an excellent agreement between proposed values of the boundaries Allerød/Younger Dryas and Younger Dryas/Preboreal and these boundaries recorded in Gościąż Lake sediments ( Table 2 These tests confirm that differences between values of boundaries for Poland and Greenland are less than two standard deviations. A much more complicated situation is observed for the chronostratigraphic boundaries during the Holocene. As it was mentioned earlier the sequence of fluctuations reflected in the glacial records of higher latitudes (e.g., Bond et al., 2001; Mayewski et al., 2004) , suggested to be representative on the global scale, do not coincide with glacial advance phases and lake level fluctuations in the European belt between 43° and 50° of northern latitude (Hormes et al., 2001; Magny et al., 2003) . These zonal latitudinal differences have been explained by changes in westerlies activity. The Carpathians and southern Poland are located in this zone as well as in the deciduous forest belt of Eastern Europe. That jet stream route with humid air masses was blocked in the Early Holocene before the extensive Laurentide ice sheet has melted (Starkel, 1999) . In the following millennia the wetter phases with frequent extreme rainfalls and advances of arctic air masses appear mainly in the same centuries in the Alps and the Carpathians as well as on their northern foreland. But this does Michczynska et al. (2008) were established on the base of peat and fluvial data. **) Boundaries of chronozones given by Walanus and Nalepka (2004) were received by calibration of Mangerud's chronozones (Mangerud et al., 1974) and selection dates for which particular probability distribution reaches maximum. not prove that all of these climatic changes are of the global or hemisphere extent like Little Ice Age or shorter events recorded about 9300, 8200 or 2750 cal BP event (cf. Macklin et al., 2006) .
The presented proposal of climatostratigraphic chronological division of the Holocene is based on the records delivered by various facies of sediment from the Polish territory in which changes in hydrological regime are especially well expressed. Their characteristic feature are wetter phases with relatively sharp beginning which alternate with more mild and drier phases. These phases are superimposed on the long-term temperature fluctuations controlled by solar radiation.
The presented results are the summary based on previous comprehensive reports for selected types of sedimentary environments and provide an introduction to the next step to precise Holocene chronostratigraphy. Research is still in progress. Proposed calendar values of chronozones boundaries will be verified on the basis of literature studies and analysis of 14 C dates from single sites. Especially, the set of dates for peat samples is a potential source of subsequent information. As the most numerous set it gives an opportunity to divide into subsets for investigation of various factors. Also information about the order of the deposits (peat over lacustrine deposits and lacustrine deposits over peat) could be helpful in precise evaluation of boundaries of the chronozones.
